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Normative Isokinetic Data on the Ankle Invertors and
Evertors
To develop Australian normative data for ankle
invertorsand evertors, forlysubjects aged be-
tween",eighteen and thirly-fouryears were tested
usingr;ybex II. Issues examined were the re-
lationsfhips between body weight and peak
torque, peak torque values of evertors/invertors
at specific velocities, and body weight and en-
durance. Mean absolute peak torque values at
specific velocities and percentage changes in
endurance performance at 120c> /secwere estab-
Iished.Results showed a significant correlation
between body weigh/and abSolute peak torque.
Sex had a significant effect on thesevaltJes.
The ratio evertorsliilvertors had significant lin-
earity with the test velocities indicating a con-
stant ratio of thesemusclesj irrespective ofve-
locity.,No significant relationship was found
between body weight and endurance.
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Isokinetic testing has been used since
its inception (Hislop and Perrine 1967)
as an adjunct to diagnosis and treat-
ment of muscle and joint pathology.
In the absence of normative data for
ankleinvertorsandevertors, clinicians
have been limited to using data from
the unaffected limb as target levels for
rehabilitation following injury. Accu-
rate prophylactic screening to identify
subjects with potential problems has
not been possible. The identification
of variables such as sex, age, body
weight, dominance and previous injury
which may effect isokineticresults .i8
important to enable reliable graph
analysis. The influence of such varia..
hIes on peak torque and endurance val-
uesmust also be understood,and is
essential to the accurate interpretation
of results.
Wong,Glasbeen-Wray and Andrews
(1984) published the first article on i80-
kinetic evaluation of ankle invertors
andevertors. The authors examined
the effect of sex and dominance on
their results, and the values of peak
torques of the two muscle groups. Their
conclusions were that absolute and rel-
ative·peak torques of the invertors were
higher than those of theevertors at the
velocities tested. There was apparently
no consistent relationship between the
evertors and invertorsat the testing
velocities. Males were significantly
stronger than females in absolute peak
torque values. However, this difference
was not significant when torque was
expressed relative to body weight.
There was no significant difference in
strength between dominant and non-
dominant legs.
The studyofWongetal (1984) how-
ever did not examine whether arela-
tionship exists between body weight and
absolute peak torque values. Falkel
(1978) and Thomas (1984) have found
a positive correlation between body
weight and. isokinetic peak torque val-
ues for other muscle groups. It would
clinically be of use to know if this is
also true·for.the invertor/evertor group.
Also further investigation of the rela-
tionshipbetween evertors and invertors
is .necessary.
Several authors have published re-
sults reporting values of hamstrings to
quadriceps ratios at. the knee (Goslin
and Charteris 1979, Murray 1980,
Richards 1981) and have stated that
this value approaches 1.0 as the veloc-
ity of movement increases. More re-
cently Sanderson, Musgrove and Ward
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(1984) reported that if absolute peak
torque values are corrected for gravity,
the radoof hamstrings to quadriceps
remains constant. In the testing of in-
version and eversion,gravityhas little
effect as the action is predominantly
cross-gravity. Therefore in the light of
these statements, it must be questioned
whet~er the results of Wong etal(1984)
repres6ntanabsence of trendasre;,.
ported, or whether they were display;,.
ing a consistent relationship for anac-
tivity unaffected by gravity.
Another aspect of muscle perform-
ance measured by the clinician is en-
durance. No information is currently
available for normative values of the
evertors and invertors.
The purpose of this study is to ex-
tend the investigation of normative iso-
kinetic data and commence thegath-
ering of Australian values for" ankle
invertors andevertors using Cybex II
(Lumex Inc. 1983). The following is-
sues were examined:
(i) The relationship between body
weight and absolute peak torque
values of invertors and evertors.
(ii) The relationship between peak
torque values ofevertors/invertors
(Ell), measured ·across a range of
specific test velocities ..
(iii) The relationship between body
weight and endurance of the ev-'"
ertorsand invertors.
Method
Subjects
Forty volunteers, twenty-seven fe-
males and thirteen male
ticipated in the study. All subJects were
staffmembers,undergraduate Or post-
graduate students of the School of
Physiotherapy in the age range of
eighteen. to thirty-four years. Criteria
for eligibility were as follows:
- No past history of serious ankle
injury. Persons with any history of
third degree sprains (McMaster
1982) of the medial or lateral lig-
ament of the ankle, or previous
fracture to the lower leg, were ex-
cluded from the sample.
w.- No ankle injury in the month prior
to testing.
~ No pain or other symptoms in the
ankle or leg at the time of the test.
Procedure
Each subject was tested individually
ata single session. All wore running
shoes for execution of theCybex test.
Height,weightand leg dominance were
measured and recorded..Leg domi-
nance was determinedhy a simple hop-
ping test. The subject was instructed
to hop across a distance of approxi-
mately five metres on whichever leg
was comfortable. The instruction and
test was repeated three times. The leg
used more often was recorded as the
dominant side.
Subjects were asked to complete a
questionnaire.prior to testing. The
questions· related to variables of pre-
vious injury, side injured, period of
time ·since injury was .sustained, par-
ticipation in regular activity and pre-
vious use of Cybex II.
To control for examiner variability,
all data collection both of variables and
of Cybex testing was performed by one
examiner. The sameCybex II .and .Up-
per ·Body Exercising Table (U.B.X.T.)
were used for all isokinetic tests. The
CybexJlwas calibrated for torque and
position angle ·according to the Cybex
manual (Lumex Inc. 1983) prior to,
midway through and at the completion
of testing the sample. A gain of .05
foot pounds (ft lb) in torque was de-
tected at the halfway check and was
corrected. No deviation was found at
the final calibration.
The Cybex II and U.B.X.T. were
positioned for theinlevertor (liE) test
as described in the Cybexmanualwith
the dynamometer tilted to 550 •• With
the subject supine on the U.B.X.T. the
knee was flexed, and then the foot
secured to the footplate by three velcro
bands (Figure 1). The angle of the knee
was measured by goniometer and po-
sition adjusted until knee flexionmeas-
ured 70°. The subject was then secured
to the U .B.X.T.bya velcro band
around the pelvis, and the thighsta-
Figure 1: Placement of velcro bands
to secure foot to Cybex attachment.
bilized to the .knee pad by a second
velcro band. The alignment of the axis
ofmove:r;nent for the ankle as described
inCybex manual (Lumex Inc. 1983)
was then checked (Figure 2). Any nee-
essaryadjustments to the torque and
position angle channels on the recorder
were made.
Test protocol and information relat-
ing to thepurpos.e and execution of
the test were kept constant for all sub;,.
jects.Each subject was informed that
it was a test to determine the strength
and power of the ankles. The right
ankle was tested first irrespective of
dominance. Three submaximal repeti;,.
tions were permitted at the test veloc-
ities of 30°, 60° and 1200 /sec before
conunencement of the test for the pur-
pose of both warm-up and familiariza-
tion with the machine. Each subject
was instructed to use all the range of
movement and to work as hard and as
fast as they could until instructed to
stop. Subjects were warned not to push
into the footplate, but to try to per-
form the turning action only.
86 The Australian Journal of Physiotherapy. Vol. 33, No. 2~' 1987
Normativelsokinetic Data on the Ankle Invertorsand Evertors
Table 1:
Means and standard deviations of sample for age, height and weight
Age (years) Height (inches) Weight (pounds)
Mean 5.0.* Mean S.D. Mean S.D.
Total sample N =40 22.55 4.69 67.68 13.66 150.60 25.13
Females n = 27 21.74 3.45 65.59 12.29 138.33 18.59
Males n = 13 24.23 6.42 72.00 11.47 176.08 16.17
* Standard deviation
Figure 2: StabiHzationof thigh and knee angle of 70°. Visual alignment of axis
of movement for inversion/eversion test (Lumex Inc., 1983p.90).
All data were manually measured by
one person and recorded. Endurance
values reported were percentage
changes in performance. These were
obtained by calculating the average of
the last four peak torques, and ex-
pressing this asa percentage of the
average of the first four peak torques.
Results
Table 1 displays the means and
standard deviations of the sample for
age, height and weight. The division
of the sample with respect to other
variables recorded in the questionnaire
is illustrated in Table 2.
Means and· standard deviations of
absolute peak torque values of both
invertors and evertorsateach velocity
were calculated (Table 3). The sample
was grouped into .subpopulations by
sex to investigatethe results further and
a one..;way analysis of variance per-
formed. Male peak torques were sig-
nificantly greater (p< .01) than female
mean peak torques for both muscle
groups at ·all·velocities (Table 4).
Pearson's correlation ·coefficient (r)
was calculated to .determine whether a
relationship existed between body
weight and absolute peak torquevaI-
ues. The results (Table 5) reflect mod-
erate but significant (p< .001) corre-
lation between this variable and
absolute peak torques.
The mean and standard deviation of
the ratio evertors/invertors peak torque
at each velocity were derived from the
data (Table 6). The results showed a
clustering of the mean values between
73070-84070, irrespective of velocity.
However it did not affect the results
for the purpose of this study.
Two procedural problems were en-
countered during performance of the
tests. In four instances, the foot slipped
out of the attachment during testing.
The foot was quickly resecured and the
test continued. The second problem en-
"countered was the difficulty for some
subjects to ·isolate ·plantarflexion from
theinversion movement, particularly at
slower test velocities.. If the plantar-
flexion action was observed, the sub-
}ectwas immediately verbally in-
structed to try to isolate the movement,
solely turning in and out.
Subjects performed four repetitions
at each of the test speeds..At each test
velocity, movement was commenced
from the fully everted position. A half-
minute rest was given between each
speed. An endurance test over twenty
liE repetitions at 1200 /sec concluded
testing on the. side. Subjects were not
advised of the number of test repeti-
tions, to encourage maximum effort
and to try to prevent the subject con-
trolling the performance. The subjects
were informed that the final test would
be longer and to work hard and fast
until instructed to stop. Identical pro-
cedure in subject positioning,warm-up
and test execution was followed for the
left ankle. Verbal encouragement was
given at all repetitions of the test to
try to maximize performance ·effort
from the subject.
Scale for torque recording was either
30 or 180 ft lb, selected on subject
performance in warm-up. Position an-
glescale was 1500 and damping level
3. This degree of .damping was neces-
sitatedby a vibration problem in the
torque stylus at lower levels of damp-
ing when used with the 30 ft lb scale.
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Table 2:
Detail of injury and exercise ex-
perience for entire sample (N =40)
Table 3:
Means and standard deviations for absolute peak torques of the invertors
and evertors
Test Invertors Evertors
Speed
Right Left Right Left
(ff. lb.) (tt. lb.) (ft. lb.) (ft. lb.)
30 0 /sec 25.88±7.24 23.20±6.89 20.34±5.94 17.35±4.85
600 /sec 22.43 ± 6.07 20.84±6.33 17.69 ± 4.60 15.24±3.91
120o /sec ·19.45 ± 5.63 18.14±5.27 15.04 ± 3.95 13.48±3.21
N=40
Table 4:
One-way analysis of variance of peak torques by sex
Test Muscle Right Left
Speed Group
F F PP
30o /sec invertor 21.21 <.0001 10.56 .0024
evertor 12.15 .0013 16.85 .0002
aOo/sec invertor 28.74 <.0001 19.17 .0001
evertor 12.15 .0013 37.86 <.0001
1200 /sec invertor 30.99 <.0001 24.85 <.0001
evertor 14.90 .0004 23.86 <.0001
Variable n=
Dominance - right 28
- left 12
PreviO!Js injury - yes 21
- no 19
More than one injury
yes 9
(n =21) no 12
Side injured left 4
right 10
(n =21) both 6
could not
remember
Injury sustained < 1 year ago 6
(n = 21) > 1 year ago 15
Type of injury 1
(n = 21) ligamentous 21
Degree of injury
first 5
- second 3
(n = 21) - didn't know 13
Regularly train or participate
in sport - yes 31
- no 9
Frequency of participation
<3 times/week 21
(n = 31) >3 times/week 10
Previously exercised on Cybex II
--- yes 8
-- no 32
Exercised anklesonCybex II
yes 4
(n =8) - no 4
A trend analysis to test the linearity
of these results was performed. Both
right and left ratios showed significant
linearitYt p<.OOOl. Cronbach'scoef-
ficient of reliability was also calculated
for these ratios across .the test veloci-
tiestwhere for the rightt a =.92and
the left a= .86.
To investigate the effect of sex and
dominance on these ratios, a one..way
. analysis of variance was performed for
each variable. No significant effect was
found for either of these independent
variables on any of the ratios (for sex
F = 2.069t p= .158t for dominance
F = 1.2336t P = .273).
To examine the results further t cor-
relation of·absolute peak torque values
within muscle groups at each test ve-
locity was performed. It was found for
both the invertor and evertorgroups
that there was a high correlation (.79
<r< .90) between the peak torque
values at velocities of 30°t 60° and
120°/sec.
Table 7 presents the values of the
mean and standard deviation of per-
centage change in endurance perform-
ance, together with the results of the
correlation of body weight with en-
durance. No significant relationship'
between body weight and endurance
was demonstrated (.Ol·~r~ .15). An
analysis of variance was performed for
the independent variables of sex,dom-
inance and previous injury with the
Table 5:
Correlation· coefficients(J) of body
weight ·with absolute peak torque
Test Muscle Right * Left *
Speed Group (r) (r)
3Oo /sec invertor .7444 .5634
evertor .5781 .6186
aDO/sec invertor .6901 .6338
evertor .5827 .6914
120°/ invertor .7524 .6090
sec evertor .6230 .6951
* p< .001 in each case
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Table 7:
Percentage change in performance of endurance at 1200 lsec
Table 6:
Means and standard deviations of ratios evertors/invertors peak torques
(in percentage) at each test speed
Test Side Total Male Female
Speed Sample n=13 n=27
30o /sec right 80.81± 21.26 78.95 ± 22.32 81.71 ±21.10
left 77.55 ± 19.75 79.22 ± 19.76 76.74 ± 20.07
BOo/seq right 81.31 ± 19.30 75.06 ± 18.00 84.31 ± 19.57
left 75.53 ± 16.04 76.61 ± 18.14 75.01 ± 15.28
12001sec right 79.19± 15.20 74.34 ± 14.44 81.52± 15.26
left 76.68 ± 14.44 73.98± 14.98 77.97 ± 14.28
endurance data. No significant effect
was found for any of these variables,
p> .01 (for sex F == .286, p=.595,
for dominance F= .876, p= .355,
for previous injury F == 4.63, p=
.037).
Conclusion
Normative isokineticdata of ankle
invertors and evertors for a restricted
age group have been presented. Clini-
cians should be aware of thesig11ificant
effect of both body weight and sex on
absolute peak torque values when an-
alysing Cybex II results.
within each muscle group andvelocitie~
was found .in this Australian study to
be highly significant.
On examination of the ratioE/I, the
significant linearity and high reliability
supports the findings ofSandersonet
af (1984) that, ·with gravi~y eliminated,
there is a constant ratio between muscle
groups. ·The results of Wong et 0.1 (1984)
do not display a changing r,atio either,
but rather mean percentages that are
similar across the test velocities (80070-
90070). However these authors did not
submit their results to any further sta-
tisticalanalysis.
The absence of a significant effect
for sex or body weight on endurance
performance is of interest. Perhaps it
is factors such as fibreootypecomposi-
tion or cross...;sectionalarea of the mus-
ele which have greater effect on this
aspect of performance.
In future studies of isokinetic testing
of ankle inversion/eversion, improved
fIXation of the foot to prevent slipping
should be attempted. Also, increased
warm-up time ora training period may
be useful to improve the·· isolated exe-
cution of the inversion/eversion .action
to prevent a plantarflexion component
to the movement. This is necessary as
the plantarflexion action would oth-
erwiseartificially inflate the torquere-
suIts.
It is necessary to investigate whether
covariance of the independent varia-
bles identified in this study or others
have a significant effect on absolute
peak torque values or endurance per-
formance, ·and also ·ifage-relateddif-
ferenees as reported by Johnson (1982)
and Larsson, Grimby and Karlsson
(1979) significantly affect invertor and
evertor values.
.1545
-.0345
-.0403
-.0131
Correlation with
Body Weight (r)*
iables of sex, dominance and previous
injury were not found to have a sig-
nificant effect on theses results.
The. significant relationship between
body weight and absolute peak torque
is consistent with the findings of iso-
kinetic studies of other muscle groups
(Falkel 1978, Thomas 1984). The sig-
nificant effect of sex on absolute peak
torque values supports the results of
Wong et of (1984), ·males recording
higher values than females. It is of
interest to note in comparing the·data
of this.study with that of Wong et of
(1984) that mean absolute peak torque
values for both muscle groups are
higher in this sample. The difference
may be contributed to by the slightly
taller and heavier Australian sample.
Wong et af (1984) reported a percent-
age change in absolute peak torques
from slowest to fastest velocities. This
relationship between peak torques
Mean
±S.D.(%)
1 26.85± 11.85
28.20±9.41
24.43± 10.74
27.70 ± 12.26
Muscle
Group
invertor
evertor
invertor
evertor
Discussion
From the results, it can be stated
that there isa significant relationship
between body weight and absolute p.eak
torque ·values for strength and .power
tests but not for endurance perform-
anre. The independent variable of· sex
was also found to have a significant
effect on strength and power measures.
The data obtained .reveal a constant
linear trend across the test velocities in
the Ell ratio. Percentage change in
endurance performance means were
derived, both invertor and evertor mean
percentage changes falling· in the range
of 24.4070-28.2070; the independent var..
* p>.05 in each case
Side
right
left
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A constantE/I ratio irrespective of
test velocity could be anticipated, and
may be used in the development of
rehabilitative goals.
i Similar endurance performance may
be expected from the invertor and· ev...
ertor groups, however thevariable(s)
whicH effect this performance remain
to be lpentified.
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